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Characterization of Human KAP24.1, A Cuticular
Hair Keratin-Associated Protein with Unusual
Amino-Acid Composition and Repeat Structure
Michael A. Rogers1, Hermelita Winter1, Lutz Langbein2, Anke Wollschla¨ger1, Silke Praetzel-Wunder2,
Luis F. Jave-Suarez3 and Ju¨rgen Schweizer1
In a search for genes overexpressed in human sexual hairs, several partial complementary DNA (cDNA)
sequences were isolated. Screening of a human scalp cDNA library with one fragment led to the isolation of a
full-length cDNA clone, which showed identity to another known sequence, termed KAP24-1 (AB09693).
Bioinformatic analysis revealed that the gene for this cDNA consisted of one exon and was located ca. 86 kb
away from the chromosome 21q22.1 keratin-associated protein (KAP) gene domain. RT-PCR analysis of a variety
of organs showed that KAP24.1 was only present in human scalp. The KAP24.1 protein consisted of 254 amino
acids, exhibited a high content of serine, proline, and tyrosine, but low cysteine content and possessed several
carboxyterminal tyrosine-containing tandem decameric repeat structures. Evolutionary tree analysis showed no
association to other KAP family members. In situ hybridization and indirect immunofluorescence microscopy
studies using an antibody derived from KAP24.1 demonstrated specific expression in the middle/upper hair
cuticle. The structure of the KRTAP24, its proximity to the chromosome 21q22.1 KAP gene domain, the presence
of repeat motifs in the protein and its localization in the hair cuticle points to KAP24.1 being a novel human KAP
family member.
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INTRODUCTION
In the recent past, the human hair follicle has become an
object of increased interest, not only owing to the elucidation
of several signal-transduction pathways involved in hair
follicle morphogenesis (Schmidt-Ullrich and Paus, 2005), but
also owing to the identification of a large number of multiple
member structural protein families found only in the hair
follicle (Langbein and Schweizer, 2005; Rogers et al., 2006).
One of these groups of proteins are the nine members of the
type I- and the 11 members of the type II-hair keratins. These
proteins, owing to their obligate, higher ordered, copolymeri-
zation of individual type I and type II family members, form
the 10 nm hair keratin intermediate filaments, the main
structural component of the hair fiber. A second group of
proteins found in the hair follicle are the hair keratin-
associated proteins (KAPs), small cysteine- or glycine-
tyrosine-rich proteins thought to be responsible for the
crosslinking/bundling of keratin intermediate filaments (for
comprehensive reviews see Powell and Rogers, 1997; Rogers
et al., 2006). In humans, 21 families of KAPs have been
identified consisting of 85 members, and their genes have
been shown to be clustered together on five chromosomal
domains. Furthermore, cDNA sequences for a majority of
these KAP genes have been isolated, and the hair follicle
expression profiles for a large number of these genes have
been determined by in situ hybridization (ISH) (Rogers et al.,
2001, 2002, 2004, 2006; Shibuya et al., 2004; Yahagi et al.,
2004; Rogers and Schweizer, 2005; Soma et al., 2005).
Contrary to previous assumptions that the plethora of hair
KAPs in humans has finally been determined, recent,
unpublished KAP cDNA sequences have been identified in
humans and submitted to the EMBO/GenBank database
(Shimizu et al, unpublished cDNA submissions). One of these
cDNAs, KAP24.1, was also recently isolated in our laboratory
during a comparative screening of beard and eyebrow hair
follicles (Winter et al. in preparation). In this report, we
describe the isolation of a full-length cDNA for KAP24.1,
demonstrate by bioinformatic analysis that it, indeed, appears
to be a novel human KAP, and show by RT-PCR analysis, ISH
and indirect immunofluorescence microscopy (IIF) that
KAP24.1 is expressed exclusively in the hair cuticle.
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RESULTS
Characterization of KAP24. 1
A previous search for genes differentially expressed in human
beard and eyebrow hair follicles led to the isolation of several
partial cDNAs, one of which was, at the time of this screen,
not present as a cDNA sequence in the EMBO/GenBank
database but could be found as a genomic sequence on
chromosome 21q22.1 (Winter et al. in preparation). This
unique 280 bp (base pair) cDNA fragment (dashed line in
Figure 1a) was first used to screen an arrayed human scalp
cDNA library (Rogers et al., 2001) and resulted in the
identification of a further single 1.3 kb partial cDNA clone.
A 0.6 kb PstI fragment from this clone was then used to screen
a larger, poly-A primed, human scalp cDNA library (Rogers
et al., 1995) cloned into the l-ZAPII bacteriophage. Six
clones were isolated, five of which possessed near identical
size and the same 50 end. Sequencing of one of these clones
showed that the 1.6 kb clone possessed an open-reading
frame of 763 bp encoding a protein of 254 amino acids
(Figure 1a). A second, in-frame methionine codon occurs
15 bp downstream of the first and could represent an
alternative site for the initiation of translation (see circled
−1,000 − 900 − 800 − 700 − 600 − 500 − 400 − 300 − 200 − 100 0
ET
S1
MY
C
E2
A
HS
F
HS
F
YY
1
C /
 EB
P /
 YY
1
E2
BP
 
/ Y
Y1
LE
F1 US
F
ISL
1
NP
TC
 − II
ET
S1
CD
C5
HS
F
HS
F
HS
F
HS
F
HS
F
YY
1
SM
AD
3
HO
XC
6
HS
F
LE
F1
HS
F
TA
TA
AA
SE
F1
C /
 EB
P
PO
U3
 
/ IS
L1
MY
C/A
RN
DT
/US
F
C/ 
EB
P
C/ 
EB
P
C/ 
EB
P
C/ 
EB
P
HM
G−
IY
PP
AR
−
AL
PH
A
FO
XC
1/ H
SF
INITIATION CODONS
a
b
Figure 1. KAP24.1 cDNA sequence and promoter analysis. (a) cDNA sequence and amino-acid translation. Circled amino acids point to two putative in-frame
initiation of translation codons. The dashed line shows the cDNA fragment isolated by suppressive subtractive hybridization. The dotted line indicates the region
amplified by RT-PCR, which was used in the ISH and expression study. Boxes denote decameric repeat structures. The amino-acid sequence used for antibody
production and the polyadenylation signal are underlined. (b) Bioinformatic analysis of the KAP24.1 promoter region. The lower black line is a graphical
representation of the 1 kb region upstream of the KAP24.1 gene locus. Scale at the top shows distance from the first initiation of translation codon in bp. Black
boxes illustrate consensus enhancer sequences found by analysis of this region with the PATCH program. Boxes above the line are positive strand elements;
Boxes below the line are negative strand elements. Text above and below the boxes are enhancer element designations and are described in the TRANSFAC
database (http://www.gene-regulation.com/pub/databases.html). Ovals show position for the two, in-frame, initiation of translation codons.
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amino acids in Figure 1a). This second site has a higher
homology to the canonical Kozak sequence (9/13 nucleo-
tides, Kozak, 1989) as the first site (6/13). This alternative site
would encode a protein of 249 amino acids. The cDNA clone
also contained a conventional polyadenylation site ca.
800 bp downstream of the coding region. The 50 end identity
of these cDNA sequences, combined with the observation in
the genomic sequence that a canonical TATAA box lies
within 43 bp of the 50 ends led us to believe that the cDNA
sequence is complete and the 50 non-coding region of the
sequence is very short. However, it cannot be completely
ruled out that premature termination of the cDNA synthesis
occurred, perhaps through hairpin building of the template.
Analysis of the genomic sequence in this region using the
Oligo program, however, showed no regions of significant
hairpin building. EMBO/GenBank database searching
showed that the gene for this cDNA consisted of one exon
and was located on chromosome 21q22.1, approximately
86 kb downstream of the KRTAP23-1 gene (Figure 2). This
gene delineates one end of the previously described
chromosome 21q22.1 KAP gene domain, encoding both
high sulfur and high glycine-tyrosine KAPs (Rogers et al.,
2002). The isolated cDNA sequence was also identical to an
unpublished RT-PCR product recently submitted to the
EMBO/GenBank database (AB096935, Obayashi et al. un-
published data). As the corresponding gene was designated
KRTAP24-1 (cDNA/protein termed KAP24.1), we have
named our cDNA accordingly. In addition, Obayashi et al.
have submitted several further novel KAP cDNA sequences in
this region (blue bars in Figure 2). Bioinformatic analysis of
the putative KAP24.1 promoter region identified a putative
TATAAA box 43 bp upstream of the first methionine codon,
which indicated that the KAP24.1 messenger RNA contains
little or no 50 non-coding region (Figure 1b). In addition, the
region 1 kb upstream of the TATAAA box showed several
enhancer elements known to be present in the promoter
regions of many previously described hair keratin and KAP
genes, including the elements for LEF1 (Zhou et al., 1995;
Rogers et al., 1998, 2000), YY1 (Rogers et al., 1998), and
CCAAT/enhancer binding protein and ETS1 (Rogers et al.,
2004).
In contrast to most high/ultrahigh sulfur KAP proteins,
KAP24.1 possessed a relatively low cysteine content
(9.05 mol%, see Table 1), but a high amount of serine and
proline, (19.3 and 9.8 mol%, respectively). The fairly high
tyrosine content of KAP24.1 (7.4 mol%), which was often
seen in previously described high glycine-tyrosine KAPs, was,
however, not accompanied by the characteristic dimeric
glycine-tyrosine repeat structures of these KAPs. In addition,
the glycine content of KAP24.1 (5.1 mol%) was significantly
lower than that of the known high glycine-tyrosine KAPs
(21.8–43.2 mol%). Dot plot analysis of KAP24.1 (Figure 3a)
revealed that the carboxy-terminal end of the protein
possessed a series of tandem decameric repeat structures.
These structures always contained tyrosine residues, and
many of them had no cysteine residues. This paucity of
cysteine content makes the repeat structure found in KAP24.1
fairly unique when compared to other human KAP family
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Figure 2. Physical map of the chromosome 12q22.1 KAP gene domain with new KAP gene members. Horizontal lines represent bacterial artificial chromosome
(BAC) clones. BAC clone designations are written below these lines. Owing to space considerations the official KAP gene nomenclature is not used. Rather, the
genes are designated simply by their number (i.e. KRTAP24-1¼24.1). Red bars and text, previously described high sulfur KAP genes; green bars and text,
previously described high glycine-tyrosine KAP genes; white bars, KAP pseudogenes; violet bar and text, KAP24.1; blue bars and text, several further,
unpublished gene loci found as RT-PCR sequences in the EMBO/GenBank database (KAP25.1, AB18043; KAP26.1, AB096936; KAP27.1, AB096937; KAP19.8,
AB096964, KAP20.3, AB096958, KAP20.4, AB096956 all Shimizu et al. unpublished data). Horizontal arrows show direction of transcription.
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members (Figure 3b). This uniqueness can be further seen in
evolutionary tree analysis for KAP24.1, but also for three of
the unpublished KAP sequences from the Shimizu laboratory
(KAP25.1, KAP26.1, and KAP27.1) all of which show an early
segregation of these protein from the other high/ultrahigh
sulfur KAP family members (Figure 4), thus justifying their
placement into separate KAP families.
KAP24.1 expression
RT-PCR expression analysis of KAP24.1 in human skin and
scalp as well as in 11 further internal organs showed that
KAP24.1 expression was specific to human scalp (Figure 5).
In order to demonstrate KAP24.1 expression in the hair
follicle, sections of plucked beard hairs were investigated by
both ISH analysis and IIF microscopy, using a 30-non-coding
region complementary RNA probe for ISH and an affinity
purified polyclonal antibody generated against an internal
KAP24.1 peptide for IIF. At both the messenger RNA (Figure
6a,b) and protein level, K24.1 expression specifically
occurred in the middle/upper hair cuticle, in which it
initiated ca. 10–15 layers above the apex of the dermal
papilla and progressed further in this cell layer well into the
keratinogenous zone of the follicle (Figure 6d). This pattern
was confirmed by double-label IIF using an antibody against
the hair cuticle-specific keratin K32 (previously termed Ha2,
see new keratin nomenclature Schweizer et al., 2006) (Figure
6e and f, green). Higher magnification of the cuticle showed a
fairly homogenous staining of KAP24.1 within the individual
cuticle cells (Figure 6g). Therefore, KAP24.1 seems not to be
located in distinct subcellular compartments of the cuticle
cells. No staining was observed in any other compartment of
the hair follicle, including the hair medulla as well as the
interfollicular epidermis. The same general pattern of
KAP24.1 expression was also seen in human scalp tissue
(data not shown).
DISCUSSION
In this study, have we described the characterization of a new
human hair KAP, KAP24. 1, whose cDNA sequence turned
out to be partially identical to a RT-PCR product recently
submitted to the EMBO/GenBank database by the laboratory
of Dr N. Shimizu (accession number AB096935, Obayashi
et al. unpublished data). Further database comparison
Table 1. Comparison of KAP24.1 amino-acid content with other KAP family members
KAP families Cysteine Serine Threonine Leucine Proline Tyrosine
KAP24.1 9.05 19.3 8.7 7.8 9.8 7.4
KAP1 family 24.1–26.5 12.9–17.5 3.4–8.4 1.1–2.4 8.2–8.6 2.2–2.4
KAP2 family 27.3–28.1 10.1 11.7 1.5–2.34 14.0 0.7
KAP3 family 18.4–19.4 7.1–8.1 10.2–12.2 8.1–9.1 15.3–16.3 0–3.0
KAP4 family 33.6–36.7 5.6–11.8 5.6–11.8 0.5–2.74 8.0–10.0 0–2.8
KAP5 family 29.0–35.7 17.7–24.8 0–6.4 0–3.2 3.2–5.9 0–1.7
KAP9 family 31.3–32.7 12.014.3 13.1–15.6 0.4–1.7 10.0–11,6 1.2–3.1
KAP10family 24.3–27.4 19.3–22.3 3.4–5.1 1.9–3.6 10.1–12.6 0.2–1.5
KAP11.1 14.1 14.7 12.8 3.61 7.6
KAP12 family 21.2–23.2 17.7–21.9 1.3–8.0 1.0–4.4 13.0–16.0 1.3–2.6
KAP13 family 12.0–12.8 20.6–23.4 4.3–6.3 6.3–6.8 5.6–6.4 8.1–10.0
KAP15.1 10.9 18.2 9.4 6.5 5.0
KAP16.1 18.3 18.5 5.9 2.7 13.9 2.1
KAP17.1 36.1 11.4 3.8 0 4.7 0
KAP23.1 7.6 20 1.5 13.8 6.1 9.2
KAP, keratin-associated protein.
Shown are the mol % values of the six most frequently found amino acids in KAP24.1. Bold type shows KAP member, which possess a higher mol % value of
serine when compared to cysteine.
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Figure 3. Repeat analysis of KAP24.1. (a) Dot plot analysis. Horizontal and
vertical numbers show amino-acid sequence position. Complete solid line
designates identity when KAP24.1 is compared to itself. Partial lines denote
regions of further identity/homology (i.e. repeat structures). Numbers show
amino-acid positions of the protein. (b) KAP24.1 carboxy terminal amino-acid
repeat alignment. Blue color shows complete amino-acid identity; red color,
more than 50% of the amino acids are identical or have the same biochemical
properties; yellow, more than 50% of the amino acids only have weak
biochemical similarities; white, no similarities.
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showed that the gene for KRTAP24-1 consisted of one exon
and flanked the chromosome 21q22.1 KAP domain reported
previously in our laboratory (Figure 2, Rogers et al., 2002).
At the time of our chromosome 21q22.1 domain publication,
the Shimizu laboratory had published an abstract suggesting
that this same KAP gene domain was larger and contained
more functional genes than what we reported (Shibuya K
et al., 2002). In addition they noted that three different KAP
‘‘subfamilies’’ were present on this region, which led us to
believe that one of these ‘‘subfamilies’’ might have properties
different from those of the classical high/ultrahigh sulfur or
high glycine-tyrosine KAPs.
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Figure 4. CLUSTREE analysis of KAP24.1 together with representative members of the high/ultrahigh sulfur KAP family members found in the human genome
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Figure 5. RT-PCR analysis of KAP24.1 in skin, scalp, and various internal
organs. M, 1 kb ladder (Invitrogen). Ladder band sizes shown in bp. Minus
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Figure 6. ISH and IIF analysis of KAP24.1 expression in plucked beard hairs.
(a, b) ISH KAP24.1; red staining-ISH signal, note specific staining in the
mid-to upper hair cuticle. Red arrowheads indicate the expression range of
the KAP24.1 messenger RNA. Bar (a) 150 mm; (b) higher magnification of (a)
bar 20 mm. (c–f) IIF colocalization of KAP24.1 and the cuticular hair keratin
Ha2. (c) Phase-contrast microscopy of (d–f); (d) KAP24.1 antibody (red);
(e) Ha2 antibody (green); (f) Merged yellow, KAP24.1 and Ha2 colocalization;
(g) Larger magnification of the cuticle showing the uniformity of the KAP24.1
fluorescence. N-2-Hydroxyethylpiperazine-N0-2-ethanesulphonic acid
labeled nuclei, blue. Bar (c–f) 200mm; (g) 20 mm.
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This assumption appears to be partially confirmed by the
analysis of the KAP24.1 amino-acid composition and repeat
structure (Figure 3). KAP24.1 has a low cysteine content
(9.05 mol %, see Table 1) when compared to the majority of
known KAP family members. Only one further KAP family
member, a much smaller protein, termed KAP23.1, also
contains such a low cysteine content (7.6 mol %), but this
KAP (as well as all of the other KAP family members) exhibit,
in general, a very low amino-acid homology to KAP24.1 (ca.
30%). Besides a high serine and threonine content, KAP24.1
is also strikingly high in tyrosine residues (Table 1), a
considerable number of which are part of the six carbox-
yterminal repeat structures of the protein (Figure 3b). The
pattern of these decameric, tyrosine containing repeats
contrast sharply to the cysteine containing pentameric/
decameric repeat structures of the high/ultrahigh sulfur KAP
families (Parry et al., 2006), and to the dimeric repeat
structures of the high glycine-tyrosine KAP families (Powell
and Rogers, 1997; Rogers et al., 2006). Moreover, the
comparison of KAP24.1 with the members of the high sulfur
KAP13 family, that is, proteins which also have a high
tyrosine content and possess decameric cysteine-containing
repeats, show that, in KAP 13 members, the tyrosine residues
are not part of the repeat structure (see Table 1 and Rogers
et al., 2002). The uniqueness of the KAP24.1 protein is also
reflected in its segregation properties upon evolutionary tree
analysis (Figure 4).
The aberrant amino-acid composition and repeat struc-
tures of KAP24.1 when compared to other human KAP
families led to the messenger RNA analysis of this KAP in
various epithelia containing human organs in order to see if it
showed the tissue specificity found in other KAP genes. RT-
PCR analysis of these tissues showed that KAP24.1 is only
found in human scalp tissue, not in any other epithelial tissue
tested and also not in human tongue, an organ that often
shows hair keratin expression (Figure 5). Furthermore, ISH
analysis and investigations with a KAP24.1 antibody on
plucked beard hair or scalp sections showed specific
KAP24.1 expression in the mid- to upper hair cuticle (Figure
6a–g). The staining of KAP24.1 could not be allocated to a
specific compartment by IIF, rather the staining appears
homogenously distributed within the cuticle cells. Observa-
tions from another laboratory localizes specific members of
the sheep KAP5 and KAP10 family subcellularly to the
exocuticle (Rogers et al., 2004; Jones and Rogers, 2006). Our
attempts at ultrastructural localization of KAP24.1 in the
cuticle using aldehyde-fixed cryosections of plucked human
hair follicle via electron microscopy were unsuccessful
owing to epitope loss upon fixation (unpublished results).
The cuticular expression of KAP24.1 is somewhat different
from that of the large number of KAP5, KAP10, and KAP12
family members which also exhibit cuticular expression
(Rogers et al., 2004, 2006; Soma et al., 2005). When
compared to KAP24.1, the expression of these KAP family
members initiates higher up in the hair cuticle, ca. 20–25 cell
layers above the apex of the dermal papilla, and is restricted
to a relatively small region above which no more active
cuticular KAP RNA synthesis is observed. We have previously
shown that the expression of three hair keratins, K35, K85,
and K32 (formerly designated Ha5, Hb5, and Ha2, see
Schweizer et al., 2006), begins in the lowermost hair cuticle,
and a fourth, K82 (formerly Hb2) begins somewhat later at the
height of the dermal papilla apex (Langbein et al., 2001).
Starting slightly above the apex of the dermal papilla, these
keratins are first coexpressed with KAP24.1, followed later by
a total of 28 KAP5, KAP10, and KAP12 members in the upper
hair cuticle (Rogers et al., 2004, 2006; Soma et al., 2005).
This scenario suggests the gradual formation of a rigid KAP-
keratin scaffold in hair cuticle cells, resulting in a structure
that successfully resists the mechanical forces exerted upon
them during the upward journey of the growing hair.
What might be the role of KAP proteins, in general, and
KAP24.1, in particular, in hair fiber formation? Although
extensive studies have been performed in many species
leading to the identification and characterization of KAP
proteins, very little is directly known about the function of
these proteins (reviewed by Powell and Rogers, 1997; Rogers
et al., 2006). The apparent reactivity of the high sulfur KAP
proteins with special stains used in electron microscopy has
allowed the localization of these proteins to the amorphous
mass surround the hair keratin intermediate filament bundles,
the hair fiber matrix. The high cysteine content of the high
sulfur KAP proteins has led to the assumption that these
proteins could interact with the moderately cysteine-rich
regions of the hair keratin amino- and carboxyterminal
domains. On the other hand, bioinformatic modeling studies
of high sulfur KAPs point to greater intra-molecular disulfide
linkage (Fraser et al., 1988; Parry et al., 2006) within each
KAP protein. Although the KAP24.1 cysteine content is low
compared to other KAP proteins, it still could, theoretically,
serve such a crosslinking function. In contrast, high glycine-
tyrosine KAPs have been thought to associate by hydrophobic
interactions. KAP24.1 might also be involved in hydrophobic
interactions by means of its tyrosine-rich carboxyterminal
repeat structures, or it could, perhaps, serve a linker function
between cysteine-rich and glycine-tyrosine-rich KAP pro-
teins. It should not be excluded, however, that KAPs in
general, might have previously undetected functions other
than those of a structural nature. With the exception of the
human KAP family members found in the region analyzed in
this report, which often show a rather non-unified expression
pattern in the hair follicle (Rogers et al., 2002), the majority of
the KAPs show specificity of expression, localized either to
the differentiated portions of the hair cortex or to the cuticle
(Rogers et al., 2006). This regional expression pattern might
indicate a role for KAP family interactions with specific hair
keratins of the cortex and cuticle. In the case of KAP24.1 as
well as all of the other cuticular KAPs, this would be through
their interactions with the hair keratins K32 (previously Ha2),
K82 (previously Hb2), K35 (previously Ha5), and K85
(previously Hb5), all of which are found in the hair cuticle.
MATERIALS AND METHODS
Suppressive subtractive hybridization
A detailed description of this procedure will be published elsewhere
(Winter et al., in preparation). Briefly, plucked human eyebrow and
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beard hair RNA was prepared using an RNeasy Kit (Qiagen, Hilden,
Germany). Double-stranded cDNA synthesis was performed using
the SMART cDNA Synthesis System (Clontech, Saint-German-en-
Laye, France). Subsequently, suppressive subtractive hybridization
was carried out using a PCR-Select cDNA Subtraction Kit (Clontech)
according to the manufacturer’s instructions. Overexpressed cDNAs
were cloned and sequenced.
cDNA screening and DNA sequence analysis
An arrayed human scalp cDNA library was screened with the
isolated suppressive subtractive hybridization probe using previously
described methods (Rogers et al., 2001, see dashed line in Figure 1).
This screening allowed the isolation of one ca. 1.3 kb partial cDNA
clone of KAP24.1. Thereafter a 0.6 kb PstI fragment from this cDNA
was used to screen a larger human scalp l-ZapII cDNA library
according to previously described methods (Rogers et al., 1995). This
allowed the isolation of six further cDNA clones, five of which were
identical in size. The cDNA sequencing of the cDNA clones were
performed using fluorescent-chain termination cycle sequencing
(Big Dye Sequencing Kit, Applied Biosystems, Darmstadt, Germany)
followed by analysis on an ABI310 capillary DNA sequencing
apparatus.
cDNA accession number of KAP24.1
This sequence can be found under the number am238513.
Bioinformatic analysis
DNA/protein homology analysis of the EMBO/GenBank or Swissprot
databases were performed using the BLASTN/BLASTP programs. The
determination of relationships between single gene loci on
the chromosome 21q22.1 KAP domain were identified with help
of the USCS Human Genome Browser (found at http://genome.cse.
ucsc.edu/). Enhancer element analysis of the KAP24.1 promoter was
performed with the PATCH program from the TRANSFAC database
(Biobase, Wolfenbuttel, Germany), which identified consensus
enhancer sequences with a maximum of 1 bp mismatch. Multiple
homology analysis of KAP proteins was shown using CLUSTAL;
Evolutionary tree representations were performed using the CLUS-
TREE program. Bioinformatic amino-acid analysis of KAP proteins
were carried out using PEPTIDESORT. Amino-acid repeat sequences
were identified using DOTPLOT; DNA sequence assembly and
correction was performed using the STADEN program package. The
majority of these programs are part of the Heidelberger Unix
Sequence Analysis Resource (HUSAR).
RT-PCR analysis
Total human scalp total RNA was prepared as previously described
(Rogers et al., 1995). Total RNA from various human organs (skin,
tongue, thymus, breast, placenta, eye, spleen, kidney, liver, lung,
colon, and small intestine) was obtained from Biocat/Biochain,
Heidelberg. First strand cDNA synthesis was performed using 2.5mg
of total RNA by oligo dT priming (Superscript II Kit, Invitrogen,
Karlsruhe, Germany). RT-PCR amplification of a 315 bp fragment
from the 30-non-coding region of KAP24.1 (upper primer-ttacaatg
gacttaccgaagag; lower primer-cattgctatttgcctgttc; annealing tempera-
ture 521C) was accomplished using an Expand Long PCR kit (Roche,
Mannheim) with 2ml of the respective cDNA as template, and ran on
a PTC200 thermocycler (MJ-Research/Bio-Rad, Munich, Germany).
The same PCR product was purified (DNA gel extraction kit, Roche),
subcloned into a pCR4.1 vector (TA cloning kit, Invitrogen) and
thereafter used as a template to prepare a complementary RNA
probe for ISH. For the RT-PCR analysis, a 313 bp b-actin PCR
product (upper primer ggcaccaccatgtaccctg; lower primer caaa
taaagccatgccaatctc; annealing temperature 571C) was also amplified
as a control of cDNA synthesis.
ISH
Cryosections (5mm) of human scalp or plucked beard hairs were
analyzed by ISH using a 35S-labeled antisense complementary RNA
probe generated from the cloned PCR product described above using
previously published methods (Langbein et al., 2004). Visualization
of the ISH signals by false colors was performed using a laser-
scanning microscope (LSM510, Carl Zeiss, Jena, Germany), which
allowed the simultaneous visualization of reflected ISH signals
generated by epi-illumination (in red) and bright field images
(originally green, converted to black–white).
IIF microscopy
A polyclonal antibody against KAP24.1. was generated in
guinea pigs (Peptide Specialties Laboratory, Heidelberg, Germany)
using the peptide CQPQSYLVRNYHYSS (amino acids 198–212
of KAP24.1, see underlined region in Figure 1) coupled to keyhole
limpet protein. Thereafter, the antibody was affinity purified against
the peptide antigen using a Sulfolink binding column (Pierce/Perbio
Science, Bonn, Germany) according to the manufacturer’s instruc-
tions. Upon obtaining informed consent from the persons involved,
IIF microscopy of human scalp or plucked hair follicle acetone/
methanol-fixed cryosections, was performed using the KAP24.1
antibody at a dilution of 1:10 (affinity purified). Fluorescence
detection of the antibody was made using an Alexa 555-conjugated
goat, anti-guinea-pig IgG (1:400 dilution, Molecular Probes/Invitro-
gen). In double-label studies, the mouse mAb against the hair cuticle
keratin K32 (previously designated Ha2, see Schweizer et al. 2006.
This antibody was a generous gift of Dr I.M. Leigh, London, England)
was used at a dilution of 1:10 together with Cy2-conjugated anti-
mouse IgG/IgM (1:500 dilution, Biozol, Eching, Germany) as a
secondary antibody. Microscopy was performed using an AxioskopII
fluorescence microscope (Carl-Zeiss). Cell nuclei were visualized by
N-2-hydroxyethylpiperazine-N0-2-ethanesulphonic acid staining
(1:100,000). All studies were approved by the German Cancer
Research Center and were in adherence with the guidelines of the
Declaration of Helsinki Principles.
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